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Janoelectronics L aboratory M easurements

Nano-characterization in the Nano-M echanical
Behavior L aboratory

Scanning
~ Digital Instruments (DI)Nanoscope |
— surfaceimaginginair or in solution
— contact (AFM) or Tapping Mode
~ electrochemical stages

Contact and tapping modes, and electrochemical stagesfor control of reactionsin-situ
Imaging may be performed in air or under desired solution. A Hysitron Triboscope

h iaging and indentation, and measurement
of elastic and plastic properties, with indentation of 20 nm. Forces on order ofmN to
mN may be applied. Temperature control up to 150°C.

Transmission Electron Microsco|

JEOL 2010F
Stateof -the art 200kV microscopewith afield -
emission gun. It is equipped with energy
dispersivespectroscopy (EDS) and an energy
filter for electron energy-loss spectroscopy
(EELS) and energy filtering of images and
diffraction patterns. .

Size selected sintering
of abimodal array of
<df-organized gold
nanoparticlesobserved [j
inthe JEOL 2010F

Analytical Electron
Microscopy,

Vacuum Generators HB 603
Scanning Transmission Electron
Microscope.

Thisunique dedicated STEM operates
upto 300KV. It is equipped with two
EDS systems: onewith astandard
Si(Li) detector and one with an
intrinsic Gedetector. Configured with
an optimum geometry and large solid
anglesof collection. This makes our
instrument theworld |eader for high-
resolution EDS and EELS analysis.

Lehigh Microscopy School

» World renowned set of short coursesin electron
microscopy and refated techniques.

> Over
universities, industrial research |abs and national labs trained
since 1970.

»us. il i
analytical and othermicroscopiesand spectroscopies.

»Of particular relevance tonanoscale science are unique
courseson.

=Characterization of Nanostructures

=Atomic Force and Scanning Probe
Microscopy (AFM/SPM)

*Analytical Electron Microscopy (AEM)

Electrical Parameter M easurements

Aeasirement, (HP 4145) ahVIEW™

inCurrent (1) vs. Gate Voltage (V o:) Create graphically oriented PC
nCurrent (Iog) vs. Drain Voltage (V o9 programs for automated control of
Iaboratory equipment.

HP 4192)
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- Oxide Thickness (T o)
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AEM Imaging of Nanostructures

AFM image of PTFE lines drawn ot by
the friction transfer technique onto aglass
side

STM image of self -assembled Au
nanoparticleson highly ordered
pyrolytic graphite

A rhodium catalyst nanoparticle
. supported on cerium oxide:

3 (a) experimental HREM image
(b) smulated HREM image
(c) structural model

| _—

STEM-ADF image

AEM of Nanostructures

ThisX -ray map shows Y ttrium segregation to grain
boundariesinaY -doped ZrO, ceramic.

Thefield of view is300 x 300 nmz.

Ag map (Ag La) Aumap (Au La)
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STEM-XEDS elemental maps from Au-Ag core-shell nanoparticles
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act multi-layer thin ic devices, such asNVSM devices.

Nano I ndentation

Toanalyze plastic deformation
mechanisms in nanocrystalline
l— materials at very low-load and

identify microstructural influences
. during shallow (only 3-30 nm)

i indentation

Results are applicable to
interpretation of nanoindentation
testsandto nano-asperity contact
of surfacesin nanomechanical
devices.

Nano Indentation of aPtatinumthin filmwiththe:
Hysitron Triboscope
(150nm* iameter”, 14 nm depth)

Eocused lon Beam Thinning

FEI Strata DB 235

ThisDual-Beam FIB is acombination of a

scanning electron microscope (SEM) with a
focused ion beam system (FIB). It is used for
preparing TEM samples from specific localized

areas and thenano-patterning of substrates.

Stages of preparation of piezoelectric ceramic TEM-foil

Surface Chemical Analysis- Angle Resolved XPS

Scienta ESCA-300

A unique high resolution, high
sensitivity instrument for analysis
of thenano chemistry of surfaces.

The Scientahas arotating anode

and monochromatized electron gun
with alow energy electron
diffractionresidual gasanalyzer. It
operatesin the range -175 Cto >
600 °C, UHV to one atmosphere.

Nanoelectronics Educational Programs

Educational ]
programs stress

both theory and

application.

STRONG FOUNDATION

Device
Measurements

Electron-beam Writing

Industrial Users form a.
strong partnership in a
university -industry
affiiates program.

WIDE STUDENT BASE

Advanced processing and
measurement facilities

environment.

Processing EXTENSIVE FACILITIES

Pennsylvani
Coalition

aucaiion
orking in
ponnsyivanic

Lehigh Univers
Uof Pennsylve
Drexel Universi
Penn State U
U Pittsburgh
Camegie Mellc

“Internet: for shared d research

+Shared research facilities and instrumentation between PA universities

~Smartboard & Web-based course materials for shared exchange of
knowledge

r acter ization of Nonvolatile Semiconductor Memories

le Test Setup - National Instruments DAQ Card
2 range of applied voltagesand timing.

-am device sing either Fowler Nordheim Tunneling or
ectron Ijection. ‘Apply Voltages and Retrieve Vor
/IEW™ interface for datadisplay/storage.

Detection
Circuit

Procedure:

* Set temperaturefor test.

* Writeor

- « Detection circuit extracts Threshold Voltage (Vo) &
i daySer-ermarec e e e
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elevated
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Erase

Thin Film Creep Studies

Analyze, model, and control

Optical Spectroscopy and L uminescence
Microscopy of Nano-Structures

etal films

resolution of aconfocal earfieldoptical

stability for ]
by applying anew resonance based
measurement technique with unprecedented
sensitivity.

Thin Film Creep
Measurement by Membrane
Resonance. Operates up to
500 °C, with film thickness of
20-100 nm, stress resolution
typically <1MPa

e o

programming efficiency a varied voltages.

Domainsin aconfocal luminescence microscope
(contrast

Example:
Ferroelectric domain
engineering

Ln-situ Molecular Char acterization of Nano-

Oxides Under Different Temperature,
Pressure and Gaseous/L iquid Environments

Optical Molecular Spectroscopies

T=-200 to 1500°C

- Laser Raman Spectroscopy (Structure of Metal Oxides, as small as0.4 nm)
- Infra Red Spectroscopy (Complementary to Raman)
- UV-VIS Spectroscopy (Oxidation States of Metal Oxides, as small as 0.4 nm)

Managing the I mpact of Nanotechnology o
Society and the Environment

Lehigh maintainsthe nation’s 3rd ol dest Science, Technology, & Society Program - a
year tradition of collaborative nterdisciplinary research in the social, ethical, an
political innovation

Science, Nanotechnology, & Society Programsareneeded
> To and profound social

consequences of nanotechriology, especially in the area of molecular
biotechnology, defense, and robotics

> T plinary thinking to accomplish , rather the
destructive, nanotechnology applications

> Toconsider thesocial asp
of theR & D process

» To (eg.

removal of
contaminants in water, soil and air)
ion and

To debunk
nanotechnology




